Seasonal variations will cause the differences in the distribution of urban thermal environment. Therefore, it is essential for analyzing the distribution of land surface temperature (LST) in different seasons under the same land use type. In this paper, fully constrained least squares method of linear spectral mixture analysis was used to extract the information of land cover fraction. According to the differences in the degree of the urban development, the study area is divided into three regions, for estimating the differences in the distribution of urban thermal environment. Ternary triangular charts were drawn to analyze the impact of each land use type on seasonal UHI. Contribution index (CI) of each land cover was calculated to analysis of the impact of each land use type on LST. The results of this study indicate that the extreme differences in temperature extremes occur in summer, followed by spring, autumn, and winter. In the spring, high LST areas appear in industrial, bare land; high LST areas in summer occur in the CBD, light industrial, and cover crops; the high LST areas in autumn appear in the CBD, high-density residential; in winter, the distribution of low-density and medium-density residential areas, crops and lawns will inhibit the urban heat island effect. The analytical methodologies that be used in this study can help to quantify urban thermal environmental functions effect of different land use type and explore the climate adaptation potential of cities.
Introduction
As the basic physical quantity of energy balance in the geogas system, land Surface Temperature (LST) has considered to be one of the most important indicators for assessing of the urban thermal environment. The urban thermal environment obviously affect by seasonal variation. Long time series temperature data is often used to analyze daily, monthly, seasonal, and annual changes in urban heat islands (HUI) [1] . Some indicators such as atmospheric circulation, cloudiness and aerosol are used to analyze the seasonal trends of UHI [2] . Compared with atmospheric temperature, spatial heterogeneity of LST existed strongly on urban scale [3] [4] . LST is more strongly influenced by Land-Use and Land-Cover Change (LULC) and human activities [5] [6] . What's more, the impact of LULC on UHI is affected by seasonal variation [7] [8] . Clarification as to how changes in LULC contribute to observe variations in LST by seasonal changeable is necessary in order to reduce UHI impact and enable urban areas to adapt to climate change effectively.
Due to extreme urbanization, more and more nonurban land cover in urban space have been replaced by Impervious Surface Area (ISA) [9] [10] . The large impervious surface in urban will result in significant impacts in cities, including reduced evapotranspiration, increased surface runoff, increased storage and transfer of sensible heat, reduced air and water quality [11] [12] . However, the effects of urban development density on LST are not well understood. Therefore, this study focuses on the impact of urban development density within UHI in different region. According to urban overall planning of Fuzhou, the study area was divided into three region, internal city region, intercity region, and rural-urban continuum. In this paper, Fuzhou city was selected as the study area. Because 30 meter or lower resolution data (e.g. Landsat-class) are more suitable to map the extent and change of urban land cover [13] [14] [15] , fully constrained least squares linear spectral mixture analysis (LSMA) was used to obtain the sub-pixel LULC coverage information and the high-resolution image are used to verify the extracted results by area comparison method. According to the density of urban development, the study area is divided into three regions. 
Data and Preprocessing
In order to reflect the seasonal characteristics of UHI, the mid-season date of for the assessment of the accuracy of sub-pixel LULC coverage information.
All data used in this study were projected to the Universal Transverse Mercator (UTM) based on the high-resolution images of the same phase. The RMSE of the projection was <0.5 pixels. For Landsat images, Second Simulation of the Satellite Signal in the Solar Spectrum (6S) and MODTRAN tools were used for radiometric calibration and atmospheric correction. In order to eliminate the influence of waters in the study area on the spectral analysis of low reflectivity features, modified normalized difference water index (MNDWI) was calculated to extract water [21] . 
Methods
The methodology for this study consists of four steps.
Step 1 includes retrieval of LST and fractional covers retrieval using LSMA.
Step 2 includes accuracy assessment of sub-pixel LULC covers by area comparison method.
Step 3 divides the fractional values of ISA base on the density of urban development and analyzes the differences in the effects of each LULC on the LST of the four seasons with ternary triangular chart method and contribution rate.
Step 4 according to the urban overall planning, divides the study area into three regions and analyze the seasonal spatial distribution of thermal environment in each annular region.
Spectral Unmixing and Accuracy Assessment
In this paper, the spectrum of pure pixels in the study area is unknown. Therefore, minimum noise fraction rotation (MNF) and pixel purity index (PPI) used to extracting the spectrum of pure pixels in the study area and regards Lands at image using (Formula (2)) and Mean Error (ME) between the Landsat and Google Earth images(Formula (3)).
where OLI S is Landsat images' fractional covers area; g R is Landsat image's spatial resolution; n is test site's total pixel numbers.
where Google S is Google Earth images' fractional covers area.
Landsat Surface Emissivity Calculation and LST Retrieval
The Landsat 8 TIRS includes two thermal infrared bands. Since the band 10 is located in the lower atmospheric absorption are aand band 11 has larger uncertainty data as USGS said, so the band 10 is more suitable for single-band's LST Retrieval calculation [23] [24] . Convert the digital numbers of thermal bands to top of atmosphere (TOA) radiance using:
where L λ is the TOA radiance image of the thermal band; M L is the band-specific multiplicative rescaling factor and A L is the band-specific additive rescaling factor; Q CAL is the pixel digital number for thermal band 10.
There are many LST retrieval algorithms for Landsat images. The mono-window algorithm improved by Jimenezmunoz and Sobrino which requires less atmospheric correction parameters and has higher precision is widely used in Landsat TIRS LST retrieval. [25] (Formula (5)).
where ε is surface emissivity; γ and δ are the estimated parameters from the linear formula of Planck's law; 1 ψ , 2 ψ and 3 ψ are three functions gained from actual atmospheric parameters (Formulas (6)- (8)).
where τ is atmospheric transmission; L ↑ and L ↓ are up welling and down welling radiance.
Contributions of the Landscape Pattern to the Urban Thermal Environment
Due to the range of LST is inconsistent in different season, it is impossible to directly compare the inversion results of the four seasons' LST. In this paper, contribution index (CI) was used to analyze the difference in the average LST between each fractional covers area in different urban development region and entire study area (Formula (9)). CI estimates the contribution of landscape pattern in each urban development region to the LST dynamic increase or decrease, and it is based on spatial and temporal dimensions to analyze the contribution of each fractional category to urban heat island effect.
where CI i is the contribution of the each fractional category to the regional LST; LST dif · is the average LST difference between the each fractional category region and the entire area; S i is the area of fractional category region; S sum is the area of study area.
Normalized LST Values
As the season changes, it will affect the relative strength of the surface temperature. In this paper, LST normalized was used to unify the LST distribution range from 0 to 1 without changing the spatial distribution characteristics of the thermal environment (Formula (10)). 
Results and Discussion

Accuracy Analysis of the Sub-Pixel Fractional Covers
The fully constrained least squares of LSMA was used to unmix mixed pixel, and V-I-S model was used to define categories of end members [16] . Wherein, the category with high reflectivity and low reflectivity are superimposed and summed to represent the coverage value of the ISA. Figure 2 shows the each end member fractions covers in the study.
According to the result, the spring average RMS is 0.0008, the summer average is RMS 0.0011, the autumn average RMS is 0.0016, and the winter average RMS is 0.0006, which is less than the required 0.02 accuracy requirement [22] .
To further verify the LULC extraction results, each fractional covers category was extracted from Google Earth images, which was used to assess the accuracy of the fractional covers estimate from Landsat. Six test sites were chosen in Figure 2(1a) for the accuracy analysis. ME (Formula (4)) was calculated to analyze the difference of each fractional cover extraction result from two types of images. Table 1 shows the results of the accuracy assessment of LSMA. The area of fractional covers in the six test sites showed only small differences, which explained that the number of end members in this study is appropriate, and the fractional covers extraction results are reliable. 
Urban Thermal Intensity Analysis on Season Variations
Influence of Sub-Pixel LULC on Seasonal LST
The "Formulas (4)-(8)" were used to retrieve the LST of the four seasons in the study area. Figure 3 shows the results of seasonal LST retrieval. An analysis with percent ISA, vegetation and soil in Figure 2 and LST in Figure 3 shows that the change of each LULC in the past three years is small. However, the spatial distribution of surface temperature in the four seasons is obviously different. According to the density of urban development, the fractional values were divided to generate several of coverage categories. Base on the coverage categories, Formula (9) was calculated to analyze the impact of LULC on LST in different season in Table 2 . Journal of Computer and Communications In Table 2 , the positive contribution rate indicates that the fractional covers in this interval promote the increase of urban thermal environment in the current season; the negative contribution rate indicates a reduction of urban thermal environment in promotion; the absolute value of the contribution rate indicates the influence of the coverage categories on the thermal environment in the current season.
It can be seen from Table 2 , when the density of the ISA in the pixel is greater than 40%, ISA will promote the urban thermal environment, and with the increase of density, the effect is strengthened. The intensity of the four seasons is:
spring > autumn > summer > winter; when the density of the vegetation is greater than 60%, it will reduce the urban thermal environment. The intensity of the four seasons is: summer > autumn > spring > winter; the effect of soil cover- 
The Influence of Urban Development on Seasonal Thermal Environment
According to the "Urban overall planning of Fuzhou (2011-2020)", the study area was divided into three regions, internal city region, intercity region, and rural-urban continuum. Boxplot is a method of depicting numerical data sets by quartile graphics. In this paper, boxplot was used to analyze the distribution of seasonal urban thermal environment base three regions in Figure 6 . It can be seen from Figure 6 that the LST extremes of the intercity region differ greatly, followed by the rural-urban continuum and the interior of the city is smaller.
With the season change, the maximum temperature difference between the various surface areas is the largest in summer, followed by spring and autumn, and the smallest in winter. Through the analysis of the mean and median LST of each region, it can find that the distribution of intercity region's LST is more dispersed, followed by the rural-urban continuum, and the distribution of internal city region's LST is more concentrated. The concentration is from high to low in winter and autumn, spring, summer.
Due to seasonal variation, it is hard to directly analyze the difference of thermal environment in each season by using LST. Therefore, in this paper, formula 10was used to normalize the LST of the four seasons, and use the density segmentation technology to classify the images. According to the order from weak to strong of the UHI, The thermal environment of the study area is divided into seven levels: extremely low LST region (ETL), low LST region (LT), sub-low LST region (SLT), medium LST region (MT), sub-high LST region (SHT), high LST region (HT) and extremely high LST region (EHT). According to previous research, the three levels of sub-high LST, high LST and extremely high LST region are the main plaques that constitute UHI [26] . To analyze the spatial variation characteristics of four seasonal thermal environments in different urban development areas, the proportion of each LST level's plaque in three regions was calculated (Table 3) . Figure 6 . The boxplot of the four seasons surface temperature. Table 3 shows that the proportion of the UHI plaques in four seasons was not much changed. However, in the case of extremely high LST region, the area of internal city region in summer is the highest, and the lowest in winter; the intercity region in summer is highest, the lowest in autumn; the rural-urban continuum in spring is highest, and the lowest in winter. Combined with Figure 2 , it can be found that the main LULC in internal city region is ISA; Most of the intercity region are impervious, and combined with the soil and vegetation; rural-urban continuum is most covered by soil and vegetable. Therefore, Tab.3 can also be used for verification the impact of each fractional cover on urban thermal environment in the four seasons.
Conclusions
Seasonal variation will have a certain impact on urban thermal environment when urban LULC are similar. In this paper, the study was divided into three region, internal city region, intercity region, and rural-urban continuum, accord- 2) Ternary triangular charts can used to analysis of the combined effects of three types of land use on LST. It was found that in the spring, high LST areas appear in industrial, bare land; high LST areas in summer occur in the CBD, light industrial, and cover crops; the high LST areas in autumn appear in the CBD, high-density residential; in winter, the distribution of low-density and medium-density residential areas, crops and lawns will inhibit the urban heat island effect;
Based on the degree of development, the difference in the area of seasonal UHI plaques in different regions is not obvious. However, there is a difference in LST distribution: the LST extremes of the intercity region differ greatly, followed by the rural-urban continuum and the interior of the city is smaller. With the season change, the extreme LST in summer is largest, followed by spring and autumn, and the smallest in winter; the distribution of intercity region's LST is more dispersed, followed by the rural-urban continuum, and the distribution of internal city region's LST is more concentrated. The concentration is from high to low in winter and autumn, spring, summer. 
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